Water quality plays a vital role in the productivity of lake's fish. Lake Qaroun is exposed to untreated agricultural, domestic and industrial effluents which are considered serious pollutents. This study was conducted to monitor the water quality of the lake and the pathogenic bacteria in the surface water and fish. Physico-chemical parameters of water and bacterial count of water and two types of fish Tilapia zillii and Mugil cephalus were studied. Samples were collected from four sites at certain distances from El-Batts drain in the lake during 2015-2016. Physical characteristics of the water showed that the water temperature varied between 16 and 30 o C, pH was alkaline. Water salinity and disolved oxygen decreased near El-Batts drain, while the chemical oxygen demand, amonia and nitrate levels were high due to the pollution and bacterial activity. Bacteriological characteriztion revealed that the bacterial load in the nearest point to El-Batts drain was higher than the other examined sites of lake water. The total and fecal coliform near El-Batts drain exceeded the Egyptian standard limits; it reached 4.4x10 7 in summer. The study revealed that the bacterial pathogens counts in fish were high in mullet species than that of tilapia. Total and fecal coliforms were detected in muscles once during the study period; in spring for tilapia and in summer for mullet fish. The study revealed that Aeromonas hydrophila was the most prevalant pathogen isolated from Tilapia zillii and Mugil cephalus and that 72% of A. hydrophila harboured aerolysin toxin gene. A. hydrophila was detected in muscles of both tilapia and mullet during the four seasons through 12 months, while S. aureus and P. aeruginosa were detected only in summer or spring. The study highlights the hazardous effect of the untreated domestic and industrial drainage wastes on water quality and fish of Lake Qaroun.
INTRODUCTION
Lake Qaroun is an enclosed, saline, highly eutrophied lake in Egypt, it is far forty-five meters below sea level into the lowest, northern section of El-Fayoum Depression. It is one of the most polluted lakes, which is exposed to continuous environmental changes. Many authors reported changes in water quality of Qaroun lake (Abou El-Geit et al., 2013; Haroon et al., 2018) .
Lake monitoring may provide early warning signs of ecosystem degradation resulting for example from contaminant inputs, nutrient addition, and sediment run off. By monitoring the physical, chemical, and biological status of a lake, changes for many aspects of the ecosystem can be detected quickly (Leiser et al., 2015) .
Fish is an important source of cheap, high nutritive animal proteins. Fishing is an important economic activity in many countries. In this way, the Egyptian Government paid special interest to fish meat within its strategy of the food security (Elsayed et al., 2018) . Microbiological quality of Qaroun lake water is frequently, threatened by contamination with untreated domestic wastewater. Bacterial pathogens are a great threat to fish production worldwide due to the high economic importance of diseases they cause (Wamala et al., 2018) . Aeromonas, Staphylococcus and Pseudomonas species were determined in many previous studies because they are among the economically important bacterial fish causing diseases affecting fish cultures (Falaise et al., 2016; El-Gamal et al., 2018) .
It is difficult to fully recognize the bacterial load of water bodies. The chemistry of water reveals much about the metabolism of the ecosystem and explain the general hydro-bacterial relationship (Patil et al., 2012) . Therefore, the current study was conducted to evaluate the water and fish quality of Qaroun lake during a year. To achieve this aim physiochemical analysis in addition to bacteriological counts of bacterial indicator (total and fecal coliforms) and some pathogenic bacteria (A. hydrophila, S. aureus and P. aeruginosa) were investigated.
MATERIALS AND METHODS

Study area
In the present study, water and fish samples were collected from Qaroun lake seasonally during 12 months from November 2015 to October 2016. Lake Qaroun is found "between longitudes of 30°24` & 30° 49` E and latitude of 29° 24` & 29° 33` N Figure (1). It's finite from its northern part by the desert and by agricultural land from its south and south eastern part (Hussein et al., 2008; Haroon et al., 2018) . The lake receives agricultural discharged water from the encircling agricultural land. The discharge water enters the lake by two enormous drains; El-Batts drain which lies at the northeast side while El-Wadi drain lies near mid-point of the southern coast.
Sampling of water and fish
Water samples were collected from four sites as shown in Figure ( 1), site I: 2 Km after El-Batts drain, site II: 4 Km after El-Batts drain, site III: 8 Km after ElBatts drain and site IV: 12 Km after El-Batts drain. In addition, two common species of fish in Qaroun lake, tilapia (Tilapia Zillii) and mullet (Mugil cephalus) were collected. Water samples were collected from the middle of the stream 30 cm deep from the surface.
One liter sterile glass bottles for collecting water samples used for bacteriological examination and two liters plastic bottles were used for physiochemical analysis. Samples were transferred in an ice box within 2-4 hours of collection to the laboratory at national Research Center (NRC) for analyses. Fish were collected from the same locations and transferred alive in sterile plastic bags in ice box to the laboratory for bacteriological examination. 
Physicochemical characterization of water samples:
The physical and chemical parameters (temperature, pH, salinity, dissolved oxygen (DO), chemical oxygen demand (COD), ammonia, nitrite, nitrate and total phosphorus) were determined according to APHA, (2012).
Preparation of samples for bacteriological examination:
Ten ml of water sample were transferred to 90 ml of 0.9% NaCl solution, Tenfold dilution was carried out. The collected fish samples were externally washed twice by distilled water and then by 70% ethanol. Fish were dissected and 10 g of each of the three organs (muscle, liver and gills) were homogenized separately and were transferred to 90 ml of 0.9% NaCl solution (APHA, 2012).
Determination of total and fecal coliforms:
Total and fecal coliforms were determined in water and fish samples by the most probable number techniques (MPN) according to APHA, (2012).
Detection and isolation of pathogenic bacteria
Isolation of Aeromonas hydrophila was carried out by surface plate technique, 0.1 ml of water and tissue samples were transferred on to the surface of m-Aeromonas medium for the detection of Aeromonas hydrophila (Rippey and Cabelli, 1979) . Suspected colonies of yellow and green colors were counted and calculated as (CFU/g) for tissue and (CFU/100ml) for water samples. Typical colonies were picked for further confirmation by several biochemical tests as stated in El-Taweel (2003) and Abd-El-Malek(2017) .
For detection of S. aureus, 0.1 ml of water and tissue samples were cultured on the surface of Vogel and Johnson agar plates (Vogel and Johnson, 1960) . Typical colonies with black, shiny, convex colonies with clear zones were counted as CFU/g tissue, CFU/100 ml water were calculated.
Pseudomonas aeruginosa was detected by the most probable number technique (MPN) according to APHA, (2012). A 0.1 ml of each sample of water and fish tissues was inoculated in 3 asparagine broth medium tubes. The tubes were incubated at 37 ºC for 24 h, then examined under ultraviolet light. Production of a green fluorescent pigment constitutes a positive presumptive test. For isolation of Pseudomonas aeruginosa, 0.1 ml from the positive culture was transferred onto the surface of acetamide agar. Purple-red color was developed within 24 to 36 h of incubation at 37°C around the colony was a positive confirmatory test for Pseudomonas aeruginosa. Results were computed and reported from the table of MPN determination. Typical colonies were picked from acetamide agar for further work.
Identification of pathogenic bacteria
Isolates of S. aureus and Pseudomonas aeruginosa were identified using BIOLOG GEN III system (BIOLOG, USA). Each isolate was streaked onto TSA plate and incubated at 37°C for 24 h. Then a single colony from TSA plate was inoculated on BIOLOG GEN III microplate, incubated at 37°C for 24 hrs. The reading was carried out automatically by the computerized MicroStation™ system. While isolates of Aeromonas hydrophila were identified by amplification of a specific virulence gene (aerolysin gene) by PCR (Oliveira et al., 2012) .
Molecular detection of aerolysin gene in Aeromonas hydrophila isolates
One colony was picked from the isolate and mixed with 100μlof Ultrapure water for PCR, boiled for 10 min in thermocycler and 2μl of each was used as DNA template. PCR was carried out on an Applied Biosystem (9700) Thermocycler. The primer pair aer-F (5'-CCTATGGCCTGAGCGAGAAG-3' and aerR(5'-CCAGTTCCAGTCCCACCACT -3') were used to amplify a 431-bp of aerolysin gene (Howard et al., 1987) , The PCR mixture containing 2μl of template DNA and 4μl of a mixture containing each dNTPs at 0.2 mM (Promega), 2.5 μl of a 25 mM MgCl 2 solution (3.0 mM final concentration), 0.25 μl of a 200 mM solution of each primer (1 μM final concentration), 0.8 μl of Taq polymerase (5 u/μl, Promega), 2.5μl of 10 x PCR buffer and 14.45 μl of sterile double distilled water, to make the final volume of 25 μl. PCR protocol was performed as the following conditions: a denaturation cycle at 94°C for 2 min., followed by 35 cycles of denaturation at 94°C for 30 sec., 55°C for 30 sec. and an extension step at 72°C for 30 sec. and a final extension cycle at 72°C for 10 min. The PCR amplicons were analyzed by electrophoresis on 2% agarose gel stained with 0.05% ethidium bromide. The gel was visualized by U.V transilluminator (IN Geniuse 3).
Statistical Analysis:
One way analysis of variance (ANOVA) and values were expressed as the means ± SE. All statistical tests were performed using of SPSS for Windows Version 14.1.
RESULTS
Physico-chemical characteristic of Lake Qaroun
Physico-chemical characteristics of four Sub-surface water samples along Lake Qaroun as recorded in Table ( 1), were studied. The temperature of the water was extended between a minimum of 16 ºC in winter and a maximum of 30 ºC in summer, pH ranged from 7.4 to 8.2. Salinity of the lake's surface water revealed that the lowest value was 14.1 g/l and the maximum value was 32.9 g/l.
The lowest dissolved oxygen value was 4.1 mg O 2 /l in site I, while the highest was 8.7 mg O 2 /l in site IV.
The highest chemical oxygen demand (COD) value was recorded in summer in site I (194 mg/l). The highest values of ammonia, nitrates and nitrite values were recorded in site I while they were not detected in sites III and IV Table (1).
Bacteriological analysis of Lake Qaroun water
Total and fecal coliform counts of the four sites were determined by the MPN method as shown in Table ( 2). The maximum MPN index/100ml value of total coliforms in water was detected in summer in site (I) with value 4.4 x 10 7 , and the maximum fecal coliform count was 8.0 x 10 5 in site (II), While, the minimum MPN-index/100ml value of total and fecal coliform were detected in winter in site (IV) with values1.6 x 10 4 and 3.0 x 10 3 respectively ( Table 2) . The highest CFU/100 ml of A. hydrophila was 8.7 x 10 4 in summer in site (I). On the other hand, the lowest value was 1.0 x 10 2 CFU/100ml in winter in site (IV).Whereas, the highest CFU value of S. aureus was 3.5 x 10 4 in site (I) in spring, while, the lowest was 1.2 x 10 2 in winter in site (IV). Moreover, the maximum MPNindex/100 ml value of P. aeruginosa was 4.2 x 10 3 in summer in site (I), while the minimum value was1x10 2 in spring and it was not detected in autumn or winter Table  ( 2). It was noticed that the average count of both total and fecal coliform and the three marker bacterial species were higher in summer and in samples collected from site I (near the Batts drain) than the rest of the sites.
Bacteriological analysis of Lake Qaroun fish:
The MPN values of total coliforms in tilapia and mullet fish (muscle, liver and gills) was recorded in Table ( 3). Bacterial count was higher in mullet than tilapia and the highest total coliform was recorded in gills. The highest MPN value in mullet gills was 3.6 x 10 5 and in tilapia gills 2.6 x 10 5 . Fecal coliform in mullet and tilapia gills were 3 x 10 5 and 3.2 x 10 5 respectively. The count of total and fecal coliform was also higher in mullet liver than tilapia. The lowest count was recorded in fish muscles, it has been noticed that total and fecal coliform was detected once during the year in spring for tilapia and in summer for mullet fish.
The bacterial and MPN counts of A. hydrophila, S. aureus and P. aeruginosa throughout 12 months was recorded in Table ( 3). The bacterial count of the 3 pathogens was higher in mullet than in tilapia. Spring and summer showed higher count than winter and autumn. The highest bacterial count was recorded in gills followed by liver and the lowest number was recorded in muscles. Detection of the 3 pathogenic markers showed that the number in mullet was higher than in tilapia and the highest numbers were recorded in summer.
The number of A. hydrophila, S. aureus and P. aeruginosa in mullet fish gills in summer were 5 x 10 5 , 4.8x 10 5 and 6.1 x 10 4 CFU/g respectively, while in tilapia the counts were 3.5x10 5 , 4.4 x10 5 , 4.6x10 3 respectively. Whereas the number of S. aureus in liver tissue in both mullet and tilapia were higher than A. hydrophila. The lowest number of pathogenic bacteria was recorded in muscles, it was found that A. hydrophila was detected in few numbers in muscles of tilapia and mullet throughout the four seasons while both S. aureus and P. aeruginosa were detected only once in muscle in summer. 
Isolation and identification of pathogenic bacteria
A total of 152 isolates of S. aureus and 135 of P. aeruginosa were collected from fish and water samples, All S. aureus isolates produced black, shiny, convex colonies on Vogel and Johnson agar medium, golden yellow colonies on mannitol salt agar. They were coagulase positive. P. aeruginosa isolates produced purple-red color on acetamide agar medium and green fluorescent color in Pseudomonas asparagine agar media. Selected isolates from S. aureus and P. aeruginosa were identified using BIOLOG GEN III system (BIOLOG, USA).
A total of 219 isolates from fish and water samples were identified as A. hydrophila by conventional method, they produce yellow and green colonies on mAeromonas medium. They were Gram negative motile bacteria. They were positive for Voges-Proskouer test, cytochrome oxidase test, D-glucose fermentation, arginine dihydrolase ornithine decarboxylase and o-nitrophenyl-B-D-galactopyranoside test. They produced H2S from cysteine, hydrolysed escuslin, L-arabinose.
Molecular detection of aerolysin gene in A. hydrophila isolates
Amplification of a 431 bp of aerolysin gene (a virulence gene of A. hydrophila) was carried out for all A. hydrophila isolates Fig. (2) . Results showed that 158/219 (72%) were confirmed as A. hydrophila harboring aerolysin toxin gene 
DISCUSSION
Physiochemical characteristics of Qaroun lake were monitored during 12 months and the results varied according to the parameters and sites. Temperature is one of the most important factors affecting aquatic organisms likewise the chemical and physical characteristics of the water (Abdo, 2003; Haroon et al., 2018) . The changes in temperature values rely mainly upon the seasonal variation, time of sampling and additionally influenced by special characteristics of water environment such as degree of transparence, wind force and evaporation (Mahmoud, 2002; Tayel, 2002 ). In the current study, the pH values of the water was slightly alkaline (7.5 -8.5) which favored bacterial growth, also, the decrease in surface water salinity in site (I) which was a consequence of the enlarged human activities and the outflow of wastewater and their circulation into the lake water (Shabaan et al., 2016) . On the other hand, site I which is only 2 Km away from El-Batts drain showed the lowest values of dissolved oxygen (DO) especially in summer 4.1mgO 2 /l, due to high organic matter and the bacterial activity in this area, in addition the high chemical oxygen demand (COD) in site I ,indicated a greater amount of oxidizable organic material in the samples in this site, which in turn decrease the dissolved oxygen which affect the aquatic life and caused stress on aquatic animals and plants. High levels of ammonia, nitrite, nitrate and phosphorus were also recorded which might contribute to the introduction of inorganic or organic fractions through anthropogenic sources (Abou El-Gheit et al., 2012 The bacteriological characteristics of Qaroun lake showed that the effluent of El Batts drain in site I had higher bacterial count than the other sites in Qaroun lake water. It is obvious that El-Batts drain exceeded the acceptable values for drainage water discharged into the lake. According to Egyptian Environmental Law (No.48, 1982) , the accepted guide values of coliform bacteria in drainage water is 5000/100 ml water. This is an evidence of the absence of sanitary coverage in rural area around the drain, which leads to onsite discharge of untreated wastewater into the drain or some of this bacterial load may originate from soil.
The loads of different bacteria observed in water samples taken from Qaroun lake were higher than the recommended values for fish culture according to the Egyptian standard at which 70/100 ml water of the lake for total coliform bacteria is accepted (Shabaan et al., 2016) . The higher density of bacteria in fish collected from Qaroun lake is suggested to be due to the increase in pollution levels in the lake in addition, the high water temperature which was close to the optimum temperature for many mesophilic bacteria in natural system (Isobe et al., 2004) .
Fishery products are important not only from a nutritional point of view, but also as an item of international trade and foreign exchange earner for a number of countries in the world (Shabaan et al., 2016) . Fish can function as carriers of several microbial and other health hazards. Though, in this study total and fecal coliforms were detected in tilapia and mullet fish, it was found that the bacterial count in mullet organs were higher than in tilapia, this data was in agreement with Aman et al. (2018) who reported the higher total and fecal coliform count in mullet than tilapia, this can be due to the increase of lipid content in mullet than tilapia. Total and fecal coliform were detected twice in muscles during the period of study in summer and spring. The microbiological diversity of the fish muscle depends on the environmental factors around it. In addition to, non-hygienic fishing methods of small-scale fishermen using small engine boats, nets or hooks for fishing which might cause cross contamination and hence poor quality of fish are presented to the consumers (Mhango et al., 2010) .
Bacterial pathogens are a great threat to fish production worldwide (Wamala et al., 2018) . Fish have great capacity to move, therefore, it is able to carry pathogenic bacteria to non-polluted waters causing infection for humans when consumed or handled (De Guzman, 2004) . Infections caused by aeromonad in fish were mostly reported to be associated with A. hydrophila. It is an opportunistic microorganism (Sarder et al., 2016 ) . Results in this study pointed out that the highest density of A. hydrophila was recorded in summer followed by spring. These results were supported by Shabaan et al. (2016) and Daniel et al. (2006) who recorded that A. hydrophila have been recovered in abundance from lakes particularly in warm temperatures. A. hydrophila were detected in the muscles of the two studied fish all the year. While bacterial indicators, S. aureus and P. aeruginosa were detected once to three times only during the year. This may be due to A. hydrophila is considered a truly opportunistic pathogen, because it is relatively common in the aquaculture environment and typically does not cause disease in healthy, well maintained fish population (Yanong and Francis-Floyd, 2002) . The increase of pathogen is related to stress that plays a significant role in outbreaks of infectious disease in fish populations. Some stressors such as high water temperatures (e.g., during the summer), high stocking densities, harvesting or handling, and poor water quality, such as high ammonia or nitrite concentrations have been associated with Aeromonas spp. outbreaks. This was confirmed by Abou El-Gheit et al. (2012) who reported that facultative microbial fish pathogens as Aeromonas spp. are continuously present in water and carrier fish in Qaroun lake fish. While, the confirmation of A. hydrophila has been carried out by amplification of aerolysin gene (Singh et al., 2008; Oliveira, et al, 2012) . Aerolysin is a hemolytic toxin encoded by aerolysin gene that plays a key role in the pathogenicity of A. hydrophila infection in fish. Molecular detection of this gene was carried out using a specific PCR primer. Bunyan and Obais (2018) reported that the distribution of aerolysin gene reach (85.7%) of the A. hydrophila. Aerolysin was the most common factor described in A. hydrophila isolates; the presence of aerolysin is a strong indication of virulence in pathogenic isolates of Aeromonas spp. (Heuzenroeder et al., 1999) . PCR assay utilized in the current study proved to be a useful diagnostic tool for A. hydrophila detection using aerolysin gene as genetic virulence marker. Rapid detection of A. hydrophila has confirmed importance with the purpose of proper, rapid preventive as well as control measures could be taken up to decline mortality also loss in fish culture.
With regards to, the results of Staphylococcus aureus in water samples from Qaroun lake.It was fluctuated from minimum of 1.5 ×10 2 CFU/100ml in site (IV) to maximum 9.5 ×10 4 CFU/100ml in site (I). This is fairly less than the records of Shabaan et al. (2016) who recorded that Staphylococcus spp. ranged between 5.0 ×10 2 and 9.55 ×10 4 CFU /ml. This may be attributed to differences in geographical distribution of water samples, time of sampling during different months. In addition, the increases or decreases of drainage waters in the lake which heavily loaded with wastes, salts, nutrients, pesticides, heavy metals and organics that may accumulate and contaminate the aquatic environment (Khalaf-Allah, 2014). Although S. aureus is not difficult to grow and is easy to identify, there is a need for the development of rapid and sensitive DNA-based assays more suitable for the direct detection of S. aureus from clinical specimens to improve the rapidity and the accuracy of the diagnosis of S. aureus infections. The result of PCR assay in current study revealed positive amplification of S. aureus. These results suggest that the PCR assay could be used as an alternative method in routine diagnosis for rapid, sensitive, and specific simultaneous detection of S. aureus in fish samples (Atwa, 2017) .
Pseudomonades are opportunistic Gram negative pathogens, naturally occur in aquatic environment and as a part of normal gut flora of healthy fish, it causes outbreak when the optimum environmental conditions change. Pseudomonas species have been described as etiological agents of diseases in fish in Egypt (El-Nagar, 2010) . Moreover, various Pseudomonas species infected Qaroun lake fish and caused septicemia in Tilapia spp. (Eissa et al., 2010) . In this study P. aeruginosa were isolated from muscle, gills and liver of fish. This result is in agreement with Tesfaye et al. (2018) who reported that the presence of Pseudomonas species from different parts of fish.
CONCLUSION
This study highlights the danger of the high prevalence of bacterial pathogens in Lake Qaroun fish as A. hydrophila, P. aeruginosa and S. aureus. El-Batts drain has a devastating effect on the lake. Thus, urgent treatment should be done before discharging wastes into the lake.
